Aim: The identification of older patients at risk of mortality is important to provide properly tailored care and effectively manage healthcare resources. The present study aimed to identify predictors of all-cause mortality related to geriatric patients' clinical, functional and sociodemographic status at admission.
Introduction
In recent years, a sharp increase in the number of older people has been reported. It is estimated that 11% of the world's population is aged >60 years, and by the year 2050, it is expected to reach 22%. 1 Aging of the population is a global phenomenon, which demands action on an international, national and a regional scale. 2 Fortunately, there has been a constantly growing awareness of health issues relating to the geriatric population. 3, 4 The health concerns of older adults are essentially complicated by economic, psychological and social interactions. Furthermore, the majority of the problems are often masked by deterioration of sensory and cognitive function, which requires special skills from the healthcare provider to detect them. These factors contribute to a higher risk of morbidity and mortality. 5 The significance of early surveillance of the health issues of older people has been emphasized. Being able to distinguish highrisk from low-risk patients is of utmost importance to plan strategies for intervention and care. 6 Hence, predicting hospital outcomes at admission might facilitate clinical practice, as well as the management of healthcare resources. Furthermore, providing information regarding prognosis can be helpful in planning individual care. 7, 8 In the present study, we aimed to identify predictors of all-cause mortality in older patients admitted to a geriatric hospital.
Methods
After obtaining approval from the Bioethics Committee of Wroclaw Medical University, Wroclaw, Poland, a retrospective study was carried out on all 208 consecutively admitted patients to the Department and Clinic of Geriatrics from January to May 2013. Patients' medical records were reviewed and the following data points were recorded: patient demographics (age and sex), weight, height, body mass index, blood pressure, coexisting morbidities and admission laboratory parameters (red blood 
Results
The study group consisted of 208 patients (158 women [76%], 50 men [24%]; mean age 77.9 AE 7.6 years; age range: 60-97 years). The 4-year mortality rate was 54 (26%). Table S1 presents the basic characteristics of the two groups of patients. Univariate analysis showed that age was the only variable associated with mortality (mean ages: survival group vs 4-year mortality group 76.9 AE 7.4 years vs 80.6 AE 7.5 years, P = 0.002; Table S1 ; Fig. S1 ). There were no significant differences in other variables: weight, height, body mass index and sex. Interestingly, the number of diagnoses did not correlate with 4-year mortality (Fig. S2) . In Table 1 , the basic statistics of laboratory and clinical tests are presented. Significant differences among the groups were found in the following variables (P < 0.05): RBC, WBC, CRP, albumin and HDL cholesterol; lower RBC (4.5 AE 0. Furthermore, significant differences in functional status among the groups were observed (Table S2) . A lower score in each of the examined scales, ADL, IADL, Barthel scale, MMSE and Clock Drawing Test, strongly correlated with 4-year mortality ( Fig. S4 ; P < 0.001).
In patients who died during the follow-up period, the following symptoms were more frequently observed: depressed level of consciousness (31.5% vs 7.8%; P < 0.001) and pressure ulcers (11.1% vs 1.9%; P = 0.010). No other variable correlated with mortality (Table S3) .
Analysis of receiver operating characteristic curves was carried out to determine cut-off points for variables that significantly correlated with mortality. The cut-off points are presented in Table S4 . According to Kleinbaum and Klein, only RBC discrimination failed (area under the curve [AUC] <0,6). 9 The AUC 0.7 < AUC ≤ 0.8 is termed as fair discrimination. The AUC >0.7
value was found in five variables: albumin level, IADL scale, Barthel scale, MMSE scale, and Clock Drawing Test. Figure S5 presents the Kaplan-Meier survival curve. One out of four patients died within 84 years. Half of the patients lived >91 years. Figure 1 shows the Kaplan-Meier probability of survival according to: (i) the age (cut-off value 79 years); (ii) the serum albumin level (cut-off value 3.8 g/dL); (iii) the WBC (cutoff value 7.4 × 10 3 /μL); (iv) the Barthel Index (cut-off value 65 points); and (v) the Clock Drawing Test (cut-off value 3 points). We found statistically significant differences between patients' survival in all compared groups. Interestingly, 50% of the patients aged ≤79 years died by the age of 84 years, whereas patients aged >79 years lived nearly 10 years longer (mean survival 93 years). One out of two patients with an albumin level >3.8 g/dL lived to 89 years compared to with 86 years in patients with albumin ≤3.8 g/dL. Half of the patients with WBC ≤7.4 × 10 3 /μL lived to the age of 94 years, whereas in the group with WBC >7.4 × 10 3 /μL, the average age was just 87 years. A total of 25% of all patients with Barthel Index >65 died within 87 years. In stark contrast, patients with Barthel Index ≤65 lived 4 years less. Significant differences in survival were also observed in the mortality of patients with the Clock Drawing Test ≤3 (Fig. 1e) . Table 2 lists the values of logistic regression coefficients between the patient's death and the clinically significant variables. Independent predictors of mortality in the analyzed group of patients were: low level of albumin and depressed level of consciousness. The expression to estimate the probability of mortality is shown in Figure 2a . The model correctly classified 80.8% of the analyzed patients. When the logistic regression analysis included the results of questionnaire studies, the independent predictors of mortality were: Barthel scale and Clock Drawing Test. The expression to estimate the probability of mortality is presented in Figure 2b . The model correctly classified 84.1% of the analyzed cases.
Discussion
The ability to predict the hospital outcomes at admission is crucial for proper selection of older patients at high risk of functional decline or mortality. Identification of older men and women who could be targeted for prevention and treatment efforts is of great clinical importance. Routinely collected data, such as age, sex, body mass index, clinical diagnosis and the presence of comorbid diseases might not be enough to provide properly tailored care. It is emphasized that in-depth comprehensive evaluation that includes functional and nutritional status is of considerable significance. 10 The present study aimed to identify factors related to older patients' health profiles that could predict mortality. We found that age is a significant predictor of mortality in hospitalized patients. However, with reference to the literature, the question of whether age can predict survival remains controversial. In some studies, age was a significant independent factor that predicted mortality, 11, 12 whereas some data suggest that age does not appear to predict long-term survival. 13 Interestingly, in the present study, we found that patients who at the time of admission were aged >79 years lived nearly 10 years longer compared with patients aged ≤79 years. Studies on multimorbidity and mortality in the geriatric population have reported controversial results. Epidemiological studies comparing data from different European countries suggested that multimorbidity was significantly associated with an increased risk of death.
14 Similar conclusions were drawn in the Established Population for Epidemiologic Studies of the Elderly Study. 15 In stark contrast, several studies showed that having multiple diseases was not prognostic of mortality. 16, 17 No association between multimorbidity and mortality was found in the present study. Several laboratory parameters were found to be correlated with a 4-year mortality of the patients. A low level of RBC is indicative of anemia, which is known to be a strong predictor of poorer Predicting mortality in older adults © 2018 Japan Geriatrics Society | Predicting mortality in older adults © 2018 Japan Geriatrics Society | survival in cancer patients. 18 In the present study, the 4-year mortality group had a significantly lower RBC count at admission. These findings are consistent with the study by Zakai et al., who found that lower hemoglobin concentration was independently associated with mortality in an elderly cohort. 19 Serum inflammatory markers, elevated WBC counts, and CRP were identified as independent predictors of mortality in the present study. These parameters have been documented to predict all-cause mortality in a general population of older adults. 20, 21 A low level of albumin is an established predictor of poor prognosis and mortality. 22 The logistic regression coefficients between the patient's death and the variables found that albumin was one of the strongest predictors of mortality. It is well-known that the prognostic significance of low HDL cholesterol increases with age. 23 We have observed that the level of HDL is significantly correlated with mortality. Low HDL might promote atherogenesis, as well as reflect malnutrition or chronic disease. Hence, monitoring of HDL cholesterol level could be useful for selecting even very old patients who can benefit from nutritional support or statin therapy. Interestingly, we found no correlation between the on-admission vitamin B 12 level and mortality. Several studies reported an increased incidence of mortality in patients with elevated levels of vitamin B 12 . 24, 25 The underlying mechanism of the association between vitamin B 12 serum levels and mortality is unclear, with some studies suggesting that high levels of vitamin B 12 can be hepatotoxic. 25 Furthermore, we found that a depressed level of consciousness and pressure ulcers were the only clinical symptoms that correlated with mortality. These observations reflect poor physical and mental condition at admission. The level of consciousness was measured by the patient's arousability and responsiveness to stimuli from the environment. A depressed level of consciousness was determined when the patient could not be fully aroused. An abnormal arousal level has been shown to be an independent predictor of increased risk of mortality. 26 Furthermore, a metaanalysis by Witlox et al. showed that delirium, an acute disorder of attention and cognition, is associated with mortality in older adults independent of pre-existing dementia. 27 In the present study, we did not analyze the presence of delirium at admission. However, the findings of the association between MMSE, clock test and depressed level of consciousness are suggestive of a possible indirect measure of delirium. The CGA is a multidisciplinary, in-depth evaluation to assess life expectancy, and the risk of morbidity and mortality. Not surprisingly, we found a significant correlation between the main geriatric domains in the CGA: [28] [29] [30] ADL, IADL, Barthel scale, MMSE, The Clock Drawing Test and mortality. The cut-off value that was found to predict 4-year mortality was: ≤4 points, ≤21 points, ≤65 points, ≤24 points and ≤3 points, respectively. In summary, we found that the strongest predictors of 4-year mortality in the study population were: low albumin level, the presence of a depressed level of consciousness, Barthel scale score and Clock Drawing Test score. The expressions to estimate the probability of mortality presented in Figure 2 could correctly classify nearly 85% of the examined patients. In clinical settings, the results might be useful in identifying high-risk patients, so that specific interventions can be targeted to these patients.
The present study had several limitations. First, clinical data were collected from a retrospective chart review, thus the clinical status and records might not have been completely documented. Second, this was a single-center study; hence, findings might not be generalizable. Third, a limitation of the study is that it had a relatively small sample size. Fourth, we only assessed the presence of depressed consciousness, not delirium, which is an established predictor of mortality in older adults.
Furthermore, in the present retrospective study, the final results might be confounded by unmeasured factors. Finally, a limitation of the present study is the lack of documentation regarding the direct cause of death.
In conclusion, the present results confirm that the multidimensional, comprehensive evaluation of older adults is of utmost importance. Multidimensional aspects of aging that are assessed in the CGA are strong predictors of mortality and should be Figure 2 The expression to estimate the probability of mortality is shown in Figure 2 , and includes (a) level of albumin and depressed level of consciousness and (b) Barthel scale score and Clock Drawing Test score.
systematically recorded. Early detection of high-risk patients is of particular significance for older adults to have a better survival rate. Clinicians should put more stress on the comprehensive surveillance of geriatric patients, rather than focusing solely on the treatment of chronic diseases.
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